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RELATIONOl?RIB

PREFACE- The

SPACINGTOSTRESS

ByA.F.ZS2CU.

changeofspacing

INwINGPLANES.

.

betweenribsina wing

planem~ entail,(1)changeofairpressure,bothindistribution

andsmount,(2)changeoffiberstressinthefabricandtheribs,

unlesstineybesoalteredindimensionsastokeeptheirstresses

constant.Theaerodynamiceffectjuststatedshouldbesttiied

inthewindtunnel,orstillbetterinfull-scalefliat,with

pressurecollectorsatmanypointsonamediansectionofthewing.

Thestressrelationstothefabricandtheribwillbeconsidered

insomedetailhere.

FIEERSTRESSINFAERICANDRIB.

STRJ3SSINFABRIC- Itcanbeshown--see

thetensi~estresstperunitwidthinthefabric

ata pointwheretheresultantairpressureonit

imately
t = pa2/8c,

Appendix-that

ofa wing-plane,

isp, isapprox-

a beingthedistancebetweentheribs,and6 thedepthofbulgeof

thefabricmidwaybetweenribsat thelocalityinqyestion.Eence

keepingconstanttheairpressurep,andtheshapeofbulge,or

cja,thelinealtensiont variesdirectlyasa. Ifthenthefab-

ricthicknessbedirectlyasa, thefiberunitstressisthe

sameforallpractioalribspacings.Andconverselyifthefiber

unitstressremainconstant,withvaryingribdistances,the .

bulgeshapemustremainconstant,assrmingtheinitialtautness

thesms inallcases.
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STRESSINRIB- Bywallknownrnechanics,t-heunitstress

ina simplebeam,witheithera concentratedora uniformload,is

oftheform

inwhichW istheload,L thelength,b thewidth,d thedepth.

Ifthewingplaneanditsribsremaingmmetricallysimilar,b

andL increasedirectlyasd,andW asd2,sinceW variesasthe

area.Thestressthereforetakestheform

s= K .+ = Const.
.

CONCLUSION- Consideringthereforethewingplanesim-

plyasa staticstruoture,d ignoringthequestionofaerody-

namicefficiency,itappearsthattheunitstressintheribani

fabricwillremainconstantforconstantp iftheli~ardimensions

ofbothribandfabricbeincreasedalike,viz.,ifwingandfab-

ricremaingeometricallysimilar.Sincethebulgeaswellas

thestructura2dimensionsremainsgeometricallysimilar,the

wholedistendedphne remainsso,andhenceshouldhavethesame

pressuredistributioaan.iefficiency.IfthereforetheBurgess

ruleofmakingtheribspacingalwaysone-fifthofthechordof

theplanebevalidforanyoneplane,itmustbevalidforall

othersthatare,mechanicallysimilarinstructureandcovering.

.

givenrib

STRESSSTRAINRELATIONSINWINGP- FABRIC.

Todetermznewhethera givenfabriciseu$tablefora

spacinga stress-straindiagramismadeforsamplesof
4

.*

.

thefabric.Therelationisroughly

t=ke,
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inwhichk isa constant,ande isthetruestrain,thatisthe

stretchofa givenlengthofsampledividedbytheunstretched

ler@h. Ifinthewingplane,a betheribdistance,r therad-

iusofthebulge,thestretchofa iserc--lesschords a3/24 r2,

bya wellkncwnprupertyofsmallcircular ercs. Dividingthis

bytheorigin&1chordlengtha givesthestrain,

e= a2/24r2.

Insteadof r wemaywriteitsvalue,t/9,fromhydrostatics,and

obtaina stress-strainrelationforthebulge

24et2= azpz.

This,foranyfixed

tedonachartwith

a,p, isa “hyperbolaine,t,animaybeplot-

thelinearrelationt = k e,asinplateI.*

Theirintersectiongivestheactualtensiongeneratedbytheair

pressurep whenthep~ticularfabricrepresentedbyt = ke

coverstheribspacinga withinitialtension zero. Foranyini-

tialstraine.thehyperbolawouldbe24 (e-eo)t= a2P2, or tb

formercurveshiftedlaterallybyanmounteo.

* Tech.Report,Brit.Adv.Can.Aeron.1912-13,p.232,
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APPENDIX.

ToPROVEt=pa2/8c- Ifp,a,c,denote,asbefore,

theunitresultantairpressure,rib spacing,anddepthofbulge;

andifr betheradiusofcurvatureofthebulgingfabric,as-

sumedtobecircular,asinthesketch;thefollowingrelations

obviouslyobtain:
.#----c \

t =pr,
P

r;~

a2=4c.(2r-c), 1t

. pa2

(

~2
● . t ~— 1+ 4;.. 8C )

Thefirstofthesecomesfromequatingtheup liftoftM airto

thedownpullofthetension; theseconifromequa.tingthesqusxe

ofthechordtofou”timesthegroductofthesegmentsofa normal

&ismeter.Thederivedequationshowsthatifo/a= 1/20,t . pa2/

\ 8c,accuratelytooneperosnt.Intautfabricsc/amayeqyal

3/2Q,orthereabouts,underfullload.

I



TENSION11;AIRPLANEF@RIC

Depthof : Tensiont inPoundsperLinealInch
Bulgec : forVariousAirPressures,p lbs.gersq.ft.
Inches:

:P=5 :P=8:P=~O:P=15:P= 2Q:P=25:P=50:P=l~
.. For~ibSpacinga.=12;’ : :t sp/8c

0.1 : 6.25 : 10.0 :12.50:18.75:25.0 :31.25:62.50 :125.0
o-~ : 3.12 : 5:0 :6.25: 9.37 :i2.5 :15.62:31.25: 62.5
0.3 : 2.08 : 3.33:4.16: 6.25 : %.33:10.4I:20.83 : 41.66
“0.4 : 1.56 : 2.5 :3.12: 4.68 : 6.25: 7.81 :15.62: 31.25

> 0.5 : 1.25 : 2.0 :2.50: 3.75 : 5.00: 6.25 :12-50: 25.0

ForRibSpacinga = 23” t= .1465g/c

o*1 : 7.32 : 11.72:14.65::22.0 :29.30”:35.60:73.25:146.5
0.2 : 3.66 : 5.86:7.32:11.0 :14.65:18.30:36.62: 73.25
0.3 : 2.44 : 3.91:4.88: 7.33 : 9.76:12.20:24.41: 48.8
0.4 : 1.83 : 2.93:3.66: 5.5 : 7.32: 9.15 :1~.31: 36.6
0.5 : 1.46 : 2.34:.2.93: 4.4 : 5.86: 7.32 :14.65: 29.3

ForRibSpacinga = 14fl t = .1701p/c

0.1 “ 8.50 : 13.61:17.01:25.51 :34.02:42.52:85.05:170.1
0.2 ~ 4.25 : 6.80:8.50:12.75:17.01:21.26:42.52: 85.0
0.3 : 2.83 : 4.53:5.67: 8.50 :11.34:14.17:28.35: 56.7
0.4 : 2.12 : 3.40:4.25: 6.37 : 8.50:10.63:21.26: 42.52
O*5 : 1.70 : 2.’72:3.40: 5.10 : 6,80: 8.50 :~7.Cll: 34.0

.
ForRibSpacinga = 15” t = .1953p/c

0.1 : 9.76 : 15.62:19.53:29.29:39.06:4g.82:97.65:195.3
0.2 : 4.88 : 7.81:9.76:14.64:19.53:24.41:48.82: 97.6
0.3 : 3.25 : 5.20:6.51: 9.76 :13.02:16.27:32.55: 65.1
0.4 : 2.M : 3.90:4.88: 7.32 : 9.76:12.20:24.41: 48.8
0.5 : 1.95 : 3.12:3.90: 5.85 : 7.81: 9.76 :19.53: 39.0



I


